ABSTRACT. We reviewed the use and relevance of barcodes for insect studies and investigated the barcode sequence of Diatraea saccharalis. This sequence has a high level of homology (99%) with the barcode sequence of the Crambidae (Lepidoptera). The sequence data can be used to construct relationships between species, allowing a multidisciplinary approach for taxonomy, which includes morphological, molecular and distribution data, all of which are essential for the understanding of biodiversity. The D. saccharalis barcode is a previously undescribed sequence that could be used to analyze Lepidoptera biology.
DNA barcodes of Diatraea saccharalis
against a small suite of possible contaminants. If any potential errors are detected, the submitter is informed and the sequence is flagged (Ratnasingham and Hebert, 2007) .
Barcoding is emerging as a cost-effective standard for rapid species identification and has the potential to accelerate the discovery of new species and improve the quality of taxonomic information. It also makes this novel information readily available to non-taxonomists and research projects that are being conducted outside major collection centers (Miller, 2007) .
The three main taxonomic applications that DNA barcoding has been previously used in are: 1) the identification of species previously defined by other criteria, including rapid identification, as well as linking specimens to established species that are unidentifiable by other means; 2) the description of new species by interpreting DNA diversity as an indicator of species diversity; 3) the definition of operational units for ecological studies (Rubinoff et al., 2006) .
The applicability of COI barcodes to identified species has been demonstrated for a wide variety of organisms, including gastropods (Remigio and Hebert, 2003) , tropical Lepidoptera (Hajibabaei et al., 2006a) , blowflies (Nelson et al., 2007) , tropical parasitoid flies (Smith et al., 2007) , birds (Hebert et al., 2004) and fish (Ward et al., 2005) . Traditional morphology-based taxonomic procedures are time-consuming and may not always be sufficient for identification to the species level; therefore, a multidisciplinary approach to taxonomy that includes morphological, molecular and distribution data is essential (Krzywinski and Besansky, 2003) .
DNA barcodes have emerged during a critical period for taxonomy. Economic development and increased international commerce are leading to higher extinction rates and to the introduction of invasive and pest species (Miller, 2007) . Long-term research strategies are also required to address the deficiencies in existing taxonomic keys to deal with morphologically indistinct immature life stages, cryptic species and damaged specimens. An approach utilizing DNA barcodes would provide a very realistic, practical and flexible framework for species identification in the context of biosecurity (Armstrong and Ball, 2005) . In Japan, four exotic insect species have become established each year on average over the last 50 years; 74% became economic pests (Kiritani, 1998) .
Smaller fragments (100 bp) of the standard COI barcodes, "mini-barcodes", have been found to be effective for species identification in samples where the DNA is degraded or in other situations where it is not possible to obtain a full-length barcode. The mini-barcodes generally can provide measures of sequence variability and divergence at similar levels to full barcodes, at both the intra-specific and intra-generic levels (Hajibabaei et al., 2006b ). (2007) suggested that important components of the whole mitochondrial genome can be predicted with a high degree of accuracy from the short barcode sequence alone. These components include average nucleotide composition, patterns of strand asymmetry and a high frequency of codons that encode hydrophobic amino acids.
Min and Hickey
However, there are some issues to consider when using barcodes. There have been technical issues arising from the finding of nuclear integrations of mtDNA. mtDNA integrated into the nuclear genome may still amplify with conserved primers targeted at mtDNA, complicating or confounding analysis (Bensasson et al., 2001) . Many arthropods carry microorganisms inside their cells, and females may transmit these microorganisms to their progeny. Factors such as interspecific hybridization and infection by maternally transmitted endosymbionts, such as Wolbachia, are now known to cause mitochondrial gene flow between biological species (Hurst and Jiggins, 2005) . The groups created using mtDNA can differ from the true species cluster and may also confound interpretation and attempts to reconstruct the phylogeography of a species (Hurst and Jiggins, 2005) . Heteroplasmy is also a potential problem for mtDNA analysis. Heteroplasmy is the existence of different mitochondrial haplotypes within individuals; this mitochondrial variability includes both sequence variability and length heteroplasmies due to insertions or deletions. The phenomenon of indels has not previously been addressed by proponents of barcodes (Rubinoff et al., 2006) .
Ideally, an appropriate marker for barcoding species should display a high level of interspecific variability (to allow discrimination between closely related species); it should also have low levels of intraspecific variability (to allow specimens to be accurately assigned to species) (Rach et al., 2008) . Cywinska et al. (2006) analyzed sequence variation in the barcode region of the COI gene in order to test its usefulness for the identification of 37 species of Canadian mosquitoes (Diptera, Culicidae). Specimens of a single species formed barcode clusters with tight cohesion that were usually clearly distinct from those of related species. Min and Hickey (2007) studied the application of barcodes for the classification and phylogenetic reconstruction of unknown fungal species. They used 31 fungal species; including 27 Ascomycota, three Basidiomycota and one Chytridiomycota (outgroup). They found that short DNA barcodes (600 bp) can separate all 31 fungal species; these results were confirmed further with a phylogenetic tree. The COI barcodes for 260 species of North American birds allowed the identification of four potentially novel species, suggesting that a global survey using this method may lead to the recognition of many additional bird species (Hebert et al., 2004) .
ANALySiS oF LEPiDoPTERA uSiNg DNA BARCoDES
The consortium established the "All-Leps Barcodes of Life" project because the Lepidoptera are the second most diverse order of insects. There are about 180,000 known species, and it is likely that there are another 300,000 species awaiting description. The initiative involves campaigns on three geographic scales: Global (Geometridae, Saturniidae and Sphingidae), Continental (North America and Australia) and Regional [Great Smoky Mountains National Park (USA) and Area de Conservación Guanacaste]. All-Leps Barcodes of Life, 2008, displayed 9698 barcoded Lepidoptera species.
Developing a DNA barcode system for individual species requires adequate initial taxonomic identification and the ability to retain intact specimens for future morphological analysis.
Once a division has been identified, returning to such material may yield reliable characteristics that may have previously been regarded as morphological variation within a species.
Studies of community structure, food web dynamics, biodiversity, and biomonitoring also depend upon the accuracy of species discrimination and identification . These DNA sequence-based hypotheses are then open for testing and may provide the stimulus and starting point for further taxonomic revision of a particular group (DeSalle, 2006) .
Published studies that provide the basis for the barcode system may be biased by exceptional situations. The COI barcodes distinguish more than 95% of species; however, some groups are in need of taxonomic revision, and further investigations on many vertebrate and invertebrate groups are required (Ward et al., 2005; Hajibabaei et al., 2006b) . Hajibabaei et al. (2006a) obtained COI sequences from 4260 adults of morphologically defined species of tropical Lepidoptera (hesperiids, sphingids and saturniids) from Area de Conservación Guanacaste in northwest Costa Rica. Most of the species exhibited low levels of COI sequence variation, whereas some presented sequence diversity that rivaled levels found between very similar species. Of the 521 species that they examined, 97.9% were unambiguously identified, suggesting that DNA barcoding can be an effective tool for species recognition in tropical regions.
Diatraea saccharalis BARCoDE
The moth borers are a diverse group of Lepidoptera, constituted primarily of noctuids and pyraloids; they are important since they are major pests of sugarcane throughout the world (Lange et al., 2004) . Separation of the pyralids from the crambines is one of the more contentious issues in Lepidopteran phylogenetics. The more conservative view places all pyraloid subfamilies in one family, the Pyralidae (Fletcher and Nye, 1984; Shaffer et al., 1996; Holloway et al., 2001) . In 1925, Börner first noted that there was a distinct division within this group; he split them into the Pyraliformes and Crambidiformes. Minet (1985) refined this concept, and placed the pyraloid subfamilies in either the Pyralidae or the Crambidae, depending on the presence or absence of a praecinctorium and whether the tympanal organs were medially approximated or well separated. Lange et al. (2004) reported on the phylogeny of 26 species of sugarcane moth borers (Lepidoptera: Noctuidae and Pyraloidea) using mitochondrial partial gene sequences of COII and 16S. The genus Diatraea is monophyletic; but in their study, Diatraea resolved into two main groups, the first contains centrella, crambiodoides and grandiosella and the other group includes busckella, rosa and saccharalis.
Barcodes may provide a useful tool to resolve this taxonomy problem. The family Crambidae, subfamily Crambinae, has 1416 species with barcodes. The genus Diatraea has 13 barcode sequences, two Diatraea crambinoides sequences, and 11 Diatraea evanescens sequences, but these sequences are not available in the public domain.
Our research group recently described the Diatraea saccharalis mitochondrial control region, CR (Bravo et al., 2008) . Sequence analysis demonstrated that this region of the D. saccharalis mitochondrial genome has high similarity with that of the Lepidopteran Cydia pomonella; however, these results did not clarify the taxonomic problem posed by D. saccharalis.
The development of D. saccharalis mtDNA barcodes would be useful. The first problem that we encountered was difficulty in amplifying the COI sequence of this Lepidoptera.
J.P. Bravo et al.
The primers, which enable amplification of the D. saccharalis COI, were originally developed for use in the nematode Toxocara canis (Sato et al., 2005) . The sequence of this amplified product of 424 nucleotides displayed a higher homology (99%) with the Crambidae. The ClustalW alignment with some of these sequences exhibited scores between 88 and 84% (Figure 2) . 
